ABSTRACT Experiments were conducted to evaluate a scraping method for enumerating bacteria on broiler carcasses. In experiment 1, coliforms and Escherichia coli were determined by the whole-carcass rinse (WCR) method and by scraping the skin surface and rinsing the blade (BR). In each of 2 replicate trials, 4 prechill broiler carcasses were collected from 2 different commercial processing plants. The WCR method was conducted on each carcass, then a blunt edge blade was used to scrape an area measuring approximately 80 cm 2 of the breast (front) skin and on the back of the carcass. After scraping, each blade and adhering residue was rinsed in 30 mL of 0.1% peptone. One milliliter of rinsate each from the WCR and BR was plated to determine total coliforms and E. coli. In experiment 2, 6 carcasses were collected from a processing plant in each of 2 replicate trials. Carcasses were split, with one half scraped on all skin surfaces, and the other
INTRODUCTION
Many different methods have been used to sample poultry carcasses for bacterial enumeration (Fromm, 1959; Kinsley and Mountney, 1966; Patterson, 1972; Capita et al., 2004) . One of the most widely used methods is the whole-carcass rinse (WCR). This method is required by the USDA's Food Safety Inspection Service to enumerate Escherichia coli and determine the incidence of Salmonella (USDA, 1996) . Variations of this method, including a lower volume rinse (Cox et al., 1981) or addition of sand to the rinse to loosen attached bacteria (Patterson and Stewart, 1961) have also been reported. The WCR method appears to yield an overall estimate of the number of ©2007 Poultry Science Association Inc. Received December 20, 2006 . Accepted March 7, 2007 Mention of trade names or commercial products in this article is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the USDA. half remaining unscraped as a control; all halves were then subjected to half-carcass rinses using 200 mL of 0.1% peptone. Coliforms and E. coli were enumerated. Results from both experiments are reported as log cfu/mL. In experiment 1, mean coliform WCR counts (5.1) were significantly higher (P < 0.05) than back BR (2.8), which were higher than front BR (2.2). Mean E. coli WCR counts (4.5) were higher than back BR (2.4), which were higher than front BR (1.6). The counts for BR adjusted for the greater surface area sampled by WCR were still lower than the WCR counts. Experiment 2 results showed no difference between control and scraped carcass halves for coliforms (4.7) or E. coli (4.6). Overall, results showed that scraping either prior to or after rinsing did not increase enumeration of coliforms or E. coli. Scraping could be a viable method to compare the numbers of bacteria on different areas of the same carcass. bacteria on a carcass, but the method is somewhat expensive with regard to time, materials, and labor, and carcasses may have to be discarded when rinsed with diluents other than water. The WCR method is also insensitive for determining whether different areas of the same carcass harbor more bacteria than other areas.
Drawbacks to the WCR method have led to the development of other sampling systems, including scraping, swabbing, and excision and stomaching of skin samples. A device incorporating scraping of the skin surface was evaluated on turkey carcasses; an increase was found in the numbers of aerobic bacteria compared with the numbers of aerobes from skin samples that were excised and stomached (Adams et al., 1980) . Others have reported comparisons of sampling methods including WCR, 1-site swabs, 2-site swabs, whole-carcass swabs, excision followed by stomaching of the neck skin, and excision and stomaching of skin obtained from random areas of the carcass (Gill and Badoni, 2005; McEvoy et al., 2005) . Mead and Thomas (1973) found that excision and maceration of the neck skin produced higher counts of total bacteria and coliforms on chickens than did WCR.
Sampling methods allowing distinct areas of the carcass to be sampled (vs. WCR) have produced evidence that bacterial numbers from various areas on the same carcass may differ. More bacteria were recovered by swabbing broiler thigh surfaces than breast surfaces (Kotula, 1966) . Bodnaruk et al. (1998) reported that E. coli numbers on the breast skin or from the internal cavity of turkey carcasses were significantly lower than the numbers found on either the back or thigh skin. Another report found that the internal cavity surfaces of prechill broiler carcasses contained a slight but significantly higher Enterobacteriaceae count than the external surfaces (Lillard, 1991) .
A large number of sampling schemes have been developed to enumerate bacteria on poultry carcasses. Some methods are relatively complex, use large quantities of materials, and are insensitive for showing differences in bacterial counts from different areas of the same carcass. Therefore, the purpose of this study was to determine whether a method of skin scraping would be comparable to the WCR method for enumerating coliforms and E. coli on broiler carcasses, or for comparing bacterial numbers from different areas on the same carcass.
MATERIALS AND METHODS

Experiment 1
Four prechill broiler carcasses were collected from 2 different commercial processing plants in each of 2 replicate trials (n = 16). Carcasses were collected after evisceration and just prior to the final inside-outside bird washer, placed in individual plastic bags, and transported to the laboratory. After transferring carcasses to a clean bag, a WCR procedure was conducted with 400 mL of 0.1% peptone solution with agitation for 1 min in a mechanical shaker (Dickens et al., 1985) .
Carcasses were removed from the bags and placed on a clean surface. A blunt-edged stainless-steel blade (64 × 26 × 1 mm) was used to manually scrape an area of skin of approximately 80 cm 2 on the breast. Carcasses were turned over and another area of approximately 80 cm 2 surface area was scraped on the back using a different blade. The blade rinse (BR) method was conducted by placing individual blades into sterile plastic tubes containing 30 mL of 0.1% peptone and vortexing for 3 s. One milliliter of rinsate from the WCR and from each BR tube was plated onto Petrifilm E. coli/coliform count plates (3M Health Care, St. Paul, MN). Petrifilm plates were incubated at 35°C for 24 h and types of colonies characteristic of coliforms and E. coli were counted.
Bacterial numbers were converted to log colony-forming units for statistical analysis. Differences in bacterial counts attributable to trial, plant of origin, and front or back of the carcass were tested using ANOVA with GLM procedures (SAS Institute, 1999) . Means were pooled across trials and plant of origin, because no significant interactions were observed. Means of bacteria from front or back scrape methods where significant were separated using the Tukey-Kramer option of least squares means adjustment for multiple comparisons.
Experiment 2
Experiment 2 was conducted to determine whether the WCR method that preceded scraping rinsed away bacteria that otherwise would have been captured by the BR method in experiment 1. In each of 2 replicate trials, 6 prechill broiler carcasses were collected from a commercial processing plant (n = 12). Carcasses were collected after evisceration and just prior to the final inside-outside bird washer and placed in individual plastic bags. After transport to the laboratory, carcasses were cut in half. Randomly, one half was chosen for scraping and the entire accessible skin surface was scraped, after which each carcass half was rinsed with 200 mL of 0.1% peptone (HCR). After scraping, the blade with any residue was placed into a sterile plastic tube containing 30 mL of 0.1% peptone and vortexed for 3 s (BR). One millilter of rinsate was removed from the control HCR for serial dilutions in 0.1% peptone. One milliliter of the HCR dilution and 1 mL from the BR tube were plated onto Petrifilm E. coli/ coliform count plates. Petrifilm plates were incubated at 35°C for 24 h and the types of colonies characteristic of coliforms and E. coli were counted.
Bacterial numbers were converted to log colony-forming units for statistical analysis. No difference due to trial was found using ANOVA with GLM procedures (SAS Institute, 1999), so data were pooled. A paired t-test procedure in SAS was used to test for significance between the scrape and control treatments.
RESULTS
Experiment 1
No differences were found for total coliform or E. coli counts by plant of origin or day of trial. There were significant differences (P < 0.05) between WCR and both front and back scraping for total coliforms and E. coli (Table 1 ). The coliform count for WCR were 5.1 log cfu/ mL of rinsate, significantly higher than the back scrape count (2.8), which was higher than the front scrape count (2.2). The numbers of E. coli followed a similar pattern; the count for WCR was 4.5 log cfu/mL of rinsate, compared with a lower back scrape count of 2.4, which was higher than the front scrape count of 1.6.
A major difference between the WCR and skin-scraping techniques was the total area of surface that was sampled. Scrape counts were converted to adjust for the surface area sampled by using a calculation taken from Thomas (1978) , and by using an estimated carcass weight of 1,816 g per carcass:
total carcass surface cm 2 = (1,816)0.87 + 635 = 2,215 cm 2 , total surface of 2,215 cm 2 /scraped surface of 80 cm 2 = 27.5.
Therefore, mean numbers of bacteria from front and back scrapes were multiplied by 27.5 and converted to log colony-forming units per milliliter for comparison with WCR counts. The estimated results after conversion were as follows: For total coliforms, front scrape was 3.6 log cfu/mL of rinsate, and back scrape was 4.2; E. coli count from the front scrape was 3.0 and from the back scrape was 3.8. Because of the probable high variation introduced by using 1 carcass weight estimation for all the carcasses rather than the actual weights of each individual carcass, these results are estimates only and were not analyzed statistically.
Experiment 2
Counts from the BR and scraped-carcass HCR were added to obtain the total numbers of bacteria from scraped halves. Results for total coliforms and E. coli from control and scraped carcass halves are reported in Table  2 . No difference was found between control and scraped carcass halves for total coliforms (4.7 log cfu/mL of rinsate). Similarly, the mean E. coli count recovered from control carcasses was 4.6 log cfu/mL of rinsate, which was the same mean recovered from scraped halves.
DISCUSSION
A significant difference in counts of coliforms and E. coli was found between the WCR and BR sampling methods. Differences in bacterial counts from poultry carcasses attributable to the type of sampling method have previously been shown. Swabbing appeared to result in more bacteria recovered from broiler carcasses than scraping with a blade, although only 3 birds were sampled (Patterson and Stewart, 1961) . McEvoy et al. (2005) reported that excised and stomached skin samples from turkey carcasses were higher for total aerobes than swab samples, but higher E. coli and Salmonella counts came from rinsing or 2-site swabs. Escherichia coli counts of prechill broilers were lowest from skin samples excised from random areas of the carcass, but there was no difference in counts for other methods used, including excision and stomaching of neck skin, swabbing, or WCR (Gill and Badoni, 2005) . Table 2 . Total coliform and Escherichia coli means ± SEM from half carcass rinses of unscraped (control) or scraped half broiler carcasses in experiment 2 (n = 12)
Control
Scraped half carcass half carcass Probability Total coliforms (log cfu/mL) 4.7 ± 0.2 4.7 ± 0.1 0.6068 Escherichia coli (log cfu/mL) 4.6 ± 0.1 4.6 ± 0.1 0.8064
Significant differences were found for both total coliforms and E. coli counts between the front and back scrape areas. Patterson (1971) reported that contamination, as measured by bacterial counts after scraping and sampling cattle carcasses, varied greatly on different areas of the carcass. Similarly, Kotula (1966) found that in swabs taken from broilers, the numbers of bacteria differed between the thigh and breast areas. Escherichia coli counts from turkeys were higher on either the thigh or back surface compared with the breast surface using a sponge sampling method (Bodnaruk et al., 1998) . However, when using WCR for sampling half broiler carcasses (with a proportionally larger surface area), no difference was reported for coliforms or E. coli either before chilling (Cason and Berrang, 2002) or after chilling (Smith et al., 2005) .
After converting scrape counts to account for the total carcass surface, both the front and back scrape count estimates were still numerically lower than the WCR count estimates for total coliforms and E. coli. Estimated back scrape counts were approximately 0.9 log cfu lower for total coliforms than estimated WCR counts and were 0.7 log cfu lower for E. coli. Front scrape count estimates were even lower than back scrape estimates when compared to WCR.
Researchers reporting on previous sampling methods all recognize the importance of loosening bacteria attached to the carcass surfaces to recover and enumerate the maximum number of bacteria to estimate the total number of bacteria on the carcass appropriately. The mechanisms of bacterial contamination, attachment, and adherence to poultry surfaces, and various efforts to minimize bacteria were reviewed by Thomas et al. (1987) . Efforts to recover loosened bacteria during the sampling process appear to be aided by application of liquids. Sharpe et al. (1996) reported that a device using a continuously diluted sponge on samples pork and beef tissue recovered more bacteria when the surfaces were prewetted, compared with tissue samples that were excised and stomached. Scraping in experiments 1 and 2 was accomplished without any added liquid because the skin surfaces were relatively moist after the WCR. The lack of added liquid may have resulted in lower counts.
Overall, the scraping technique (BR) used in experiment 1 was not as sensitive as WCR for recovering total coliforms and E. coli on broiler carcasses. Bacterial cells are likely protected from the blade by skin folds and crevices. However, the BR method appears to be applicable for determining whether different areas of the same carcass contain different numbers of bacteria. Fromm (1959) speculated that WCR might recover low numbers of total carcass bacteria because the liquid would not produce enough friction to dislodge bacteria from surfaces. Therefore, scraping prior to HCR, as conducted in experiment 2, should have produced higher total counts, but did not. Experiment 2 did demonstrate that conducting WCR prior to scraping in experiment 1 likely had no effect on the numbers of bacteria obtained by the BR method. Scraping appears to have no benefit over WCR for recovering bacteria from whole or half carcasses, but it may be useful for sampling smaller areas of the same carcass.
